The aim of the present investigation was to quantify the detoxification and stress enzymes' levels and correlate it with insecticides resistance in different age groups of Bactrocera cucurbitae population. Different age groups of insect population were isolated and processed for enzymes assay and survival analyses.The increase in the activities of CytP450, esterase and superoxide dismutase (SOD) have been observed till certain age and thereafter they decreased. However, activity of glutathione-S-transferase (GST) and catalase did not increase with age. Results of survival assay showed that deltamethrin and malathion caused higher mortality in the 15-days old (100%) insects than the 1-day old adult insects. Highest survival percentage after deltamethrin treatment was found in 7 days old insects, whereas malathion treated insects' survival was maximum in 3 days old insect population. Based on the above results, it is inferred that lack of sufficient GST and catalase cause decrease in the resistance of B. cucurbitae with advancing age.
Introduction
Bactrocera cucurbitae, the melon fly, is distributed widely in temperate, tropical, and subtropical regions of the world. It damages about 81 host plants and especially it is a severe pest of cucurbitaceous plants all over the world. The scope of losses may range from 30 to 100%, assuming the host plant as well as season [1] . At present, strategies like sterile insect release and mass trapping are applicable to manage the number of melon flies. However, chemical insecticides remain a key tool amongst the farmers [2] . Pyrethroids, carbamates, organophosphates and spirotetramet are common amongst farmers to control this pest [3, 4] . Yet increased dependency on these insecticides has exacerbated the condition, and prompted the resistance in the Bactrocera sp. To date, many reporters have noticed the resistance against pyrethroid, spirotetramet as well as carbamate in Bactrocera genus. Insecticide resistance in insects depends upon the elimination of toxin from the body and the adaptation of the target sites. Elevated enzymatic detoxification has been linked to three crucial enzyme families viz Cyt P450s, glutathione-S-transferase (GST) and esterase [5] [6] [7] . Nevertheless, cuticle adds further resistance by acting as a barrier and allocates sufficient time required for detoxification [8] .
The activity of detoxification enzymes rely on the physiological status and it varies with age. Hence, it seems that age may play an influential role in insecticide resistance. Moreover, aging may lead to deterioration of resistance phenomenon as a repercussion of continuous decline in the physiological ability of insects to eliminate the insecticide [9] . Disturbed physiology of insects results in the impaired ability to respond against environmental changes. Determining resistance in the early stages may not provide a proper assessment of resistance in an insect population. Therefore, it is necessary to characterize insecticide resistance in older B. cucurbitae population too. In Anopheles mosquitoes, age plays an important role in insecticide resistance. Rowland and Hemingway reported that malathion resistance perished in aging heterozygotes as well as in homozygous resistant and susceptible Anopheles stephensi [7] . Lines and Nassor observed similar kind of responses in An. gambiae wherein mortality increased after application of dichlorodiphenyltrichloroethane (DDT) from 5 to 90% from 1 to 14 days old [10] . As aging proceeds, damages accumulate due to the lipid peroxidation, protein carbonyls and alteration in DNA structure [11, 12] . These findings continued with the selected population of Anopheles sp. male and female of F3 generation wherein it was observed that resistance was on peak in 3 days old insect. Then it drops down onwards against lambda-cyhalothrin [13] . Even after successive selections for DDT resistance through 16 generations, a decline in the resistance with age was persistent [14] .
Studies with resistant strains of An. Stephensi and An. Gambiae indicated that knockdown time declined by 33% to 44% in 10 days old mosquitoes as compared to the newly emerged mosquitoes [9] . The influence of age was also observed in 14 days old mosquitoes that was rapidly knock down in comparison to 3 days old [15] . Mortality assay showed that older mosquitoes were more susceptible to permethrin and propoxur in comparison to younger one [13, 16] .
Till date most of the studies on the effect of age on insecticide resistance have been investigated in Anopheles mosquitoes. But it is yet to be studied in other insect pests. Further, B. cucurbitae infests and lay eggs on the host plant in the later stage of its life cycle. So it is essential to aim older insects and determine insecticide resistance in the older insects. The aim of the present work was to quantify the detoxification enzyme levels and correlate it with insecticides resistance indifferent age groups (1, 3, 5, 7, 9, 11, 13 and 15 days) of B. cucurbitae population.
Materials and Methods

Bactrocera cucurbitae rearing and its maintenance
B. cucurbitae infested fruits were collected from the agricultural field abounding Varanasi, India. These infested fruits contain larva. Adult insects were fed on sugar + yeast powder, water soaked cotton (25±2 °C) and photoperiod of (12D:12L). Yeast powder acts as a source of protein. B. cucurbitae laid eggs on the pumpkin, which was transferred to the jar containing sand. Larvae were developed inside the fruit and pupate in the sand. Different age groups (1, 3, 5, 7, 9, 11, 13 and 15 days) of adult B. cucurbitae were isolated and used for enzyme assay and survival analyses.
Cytochrome P450 assay
Cytochrome P450 activity was quantified by an indirect assay using 200 µL of 3,3,5,5tetra-methylbenzidine (TMBZ) as a substrate, 3% H 2 O 2 (50 µL), 20 µL of enzyme stock and phosphate buffer (pH 6.8) [17] . Absorbance was noted down at 630 nm. Cytochrome P450 activity was expressed as equivalent units (EU) of cytochrome C/mg of protein.
Esterase assay
Esterase activity was quantified in 3 mL of reaction mixture by using 1 mL of α-naphthyl acetate (0.3 mM) as substrate, 250 µL of 1% fast blue, 10 µL of enzyme stock and phosphate buffer [18] . Absorbance was taken at 590 nm by UV-VIS spectrophotometer (Systronic 119).
Glutathione-S-transferase assay
GST was assayed according to Habig et al. [19] . 1 mL of reaction mixture consists of 15 µL of CDNB (2,4-dinitro-chlorobenzene), 50 µL of reduced glutathione, 10 µL of enzyme stock and 915 µL phosphate buffer(pH 6.8). Absorbance (340 nm) were noted down for 5 min at the regular interval of 1 min (ɛ = 9.6 M −1 ).
Superoxide Dismutase assay
SOD activity was assayed according to the Beauchamp and Fridovich [20] . 1 mL of reaction mixture consists of 10 mM of methionine, 30 mM of NBT, 3 µm of riboflavin, 20 µL of enzyme stock and phosphate buffer (pH 6.8). Absorbance was taken at 560 nm by a UV-VIS spectrophotometer. One unit of SOD activity is equal to the enzyme required to inhibit NBT reduction of by 50%.
Catalase assay
Catalase was assayed according to the method proposed by Aebi with slight modification [21] . 1 mL of reaction mixture consist of 18 mM H 2 O 2 (50 µL), 10 µL of enzyme stock and phosphate buffer (pH 6.8). The decrease in absorbance was recorded at 240 nm for 3 min by a UV-VIS spectrophotometer. One unit of catalase activity was equal to the enzyme required to consume 1 µM of H 2 O 2 /min (ɛ = 40 M -1 cm -1 ).
Protein estimation
The whole body homogenate of B. Cucurbitae was prepared in phosphate buffer (pH 6.8) and used for protein estimation [22] and enzyme assay.
Survival analysis
B. cucurbitae (n = 30) of different age groups (1, 3, 5, 7, 9, 11, 13 and 15 days) were treated with 1μL of deltamethrin (0.2 ng/mL) and 1μL of malathion (0.05 µg/mL) on thoracic segment separately. Survival percentage was recorded after 24 h of treatment.
Statistical analysis
Data of enzyme activity and survival percentage of B. cucurbitae of different age groups were analyzed by using one-way ANOVA followed by post-hoc (Dunnet test) test. The significance level was determined at p < 0.05 for all analyses. All statistical analyses were performed using the Graph pad Prism 5.
Results and Discussion
Aging appears to be a crucial factor in the establishment of insecticide resistance in insects [6] . Therefore, the critical effect of age on the insecticide resistance in B. cucurbitae was investigated. The continuous increase in insecticide resistance has become a serious threat to the efficiency of insecticide-based pest control tactics. The present study demonstrates the inconsistency in the expression of resistance properties in B. cucurbitae population of different age groups. Previous studies have revealed that different detoxifying enzymes like GST and esterases play a pivotal role in insecticide resistance of mosquitoes [6, 7] . Currently, in order to carry out the pilot study, the activities of various detoxifying enzymes and stress enzymes had been quantified. The activities of detoxifying enzymes (GST, Cyt P450 and esterase) and stress enzymes (SOD, catalase) show variations with increasing age.
The Cyt P450 activity increased from day 1 onwards and reached the maximum at day 9 and then started to decrease till day 15. Results show that there is a significant difference when compared with different age groups with the control (p = 0.0004, F = 7.785) ( Fig. 1) . Moreover, continuous increase in Cyt P450 activity till 9 th day is supported by the survival assay, wherein the highest survival percentage was recorded in 7 days old insects after deltamethrin exposure (Fig. 2 ). Resistance to pyrethroids in the melon fly, is linked with the combined action of elevated Cyt P450 and GST activity [23] . However, in the present study, Cyt P450 activity increased with age, but GST activities (p = 0.454, F = 1.021) did not change significantly with advancing age (Fig. 3 ). Insecticides' metabolization has two phases: Phase I and II. Cyt P450 and esterase enzymes are associated with Phase I reaction, while GST is involved in Phase II reaction [18] . In Phase I, addition of polar groups to the xenobiotics (insecticides) substances takes place. Thus resultant metabolite enter into Phase II reactions and conjugates with water soluble compounds in the presence of GST enzyme. After Phase II reaction, toxins are excreted out from the body [18] . Our results reveal that activities of Cyt P450 increases with age, while GST activity does not change significantly. Therefore, increased susceptibility of insecticides with increasing age could be explained due to lack of sufficient amount of GST enzyme to complete the Phase II reaction. Thus incomplete metabolization of insecticide leads to oxidative stress causing the death of the insects. Furthermore, it has been suggested that greater resistance of the younger mosquitoes against pyrethroids is attributed to the higher physiological activity of young mosquitoes compared to older one [24] [25] [26] . Lower physiological activity in older mosquitoes is due to loss of energy with advancing age and thereby affects the resistance mechanisms negatively [25, 26] . Esterase activity was observed significantly high in 9, 11 and 13 days old population (p = 0.0008, F = 6.67) in comparison to 1 day old population (Fig. 4) . However, survival assay revealed that resistance of malathion treated (p = 0.0001, F = 113.1) B. cucurbitae was maximum in 3 days old population and later on its survival decreased (Fig. 5) . Esterase enzyme is associated with the Phase I metabolisation while GST involve in Phase II metabolisation of malathion (organophosphate). Higher esterase activity complete the Phase I reaction. But lack of sufficient amount of GST leads to incomplete Phase II metabolisation of malathion. This could be a possible reason of increased malathion susceptibility with the increasing age. Nonetheless, decreased physiological activity with the advancing age may also cause the increased malathion susceptibility with the age [24] [25] [26] . Moreover, these results also reveal the higher susceptibility of B. Cucurbitae against malathion in comparison to deltamethrin. Fig. 3 . GST activity in different age groups (1, 3, 5, 7, 9, 11, 13 and 15 days) of adult B. cucurbitae. Data is presented as Mean ± SEM.
Reactive oxygen species (ROS) are detoxified by the combined activity of SOD and catalase enzymes [27] . In the present study, SOD activity was significantly high in 5 and 7 days old insects population (p = 0.0001, F = 30.75). Thereafter it significantly decreased in 13 and 15 days old population (Fig. 6 ). Whereas catalase (p = 0.45, F = 1.027) activity did not vary significantly across the all age groups of B. cucurbitae (Fig. 7) .
Parashar et al. in Drosophila have reported age dependent decline in the detoxification of oxygen radicals from the insect body and thereby increase the susceptibility against the paraquat [28] . Therefore, reduction in insecticide resistance could be further explained due to increased oxidative stress in aging insects [29] [30] [31] . Role of catalase in detoxification also supports the idea as the enzymes contribute to the resistance by protecting the tissues from oxidative damage associated after exposure of insecticides [24, 32, 33] . In the present study, B. cucurbitae population did not show increased activity of catalase enzyme. This could be a plausible explanation of reduction in resistance properties in older B. cucurbitae population. Age might be a key factor in the determination of insecticide resistance in insects. From the results of survival assay, we could say that age has a significant effect on the survival of adult insects. Exposure of deltamethrin and malathion caused higher mortality in the 15-days old (100%) than in the 1-day old B. cucurbitae population. In mosquitoes, not only metabolic enzymes dependent resistance diminishes with age, but mosquitoes having target site mutation also show similar kind of response to the insecticides. This indicates kdr mutation alone is not sufficient to empower mosquitoes to withstand the exposures of insecticide with age [14, 15] . In the present investigation, fall in resistance with age is not parallel with detoxification enzymes activity, which could be attributed to senescence [25] , enhancement in cuticle permeability and/or slower xenobiotic excretion [34, 35] . Furthermore, persistence of all the mechanisms at the same time results in a fitness cost that might weaken the older insects and render them more vulnerable to insecticides [24] . These results strengthen the importance of aging in the determination of insecticide resistance. The present investigation reveals that aged B. cucurbitae do have weaker insecticide resistance in comparison to younger one [10, 13, 16] . Hunt et al. [13] suggested that the display of the resistance phenotype alters with physiological condition of insects, which undoubtedly depends upon age as well as feeding habit.
Conclusion
In conclusion, B. cucurbitae population loses its tolerance to insecticides at older age. This might have significant impact for the management of B. cucurbitae. Targeting older and potentially significant life stage is being proposed as an alternate strategy for B. cucurbitae management.
